Introduction
Culturomics is a new approach introduced in our laboratory in 2012 that aims to study the diversity of the microorganisms colonizing the human gut [1] . Recently culturomics was applied to explore the bacterial diversity of patients with kwashiorkor. During this study, we isolated the strain mt9 T (= CSUR P1511 = DSM 102954), which belongs to a new bacterial genus within the family Clostridiaceae. This family was created by Ernst August Pribram in 1933 [2] and contains as its core the genus Clostridium and 36 other genera [3] . Clostridiaceae members are Gram positive and present low G+C% content [4] . They have been isolated from highly diverse habitats, including freshwater and marine sediments, salt lakes, various sites of the human body, manure piles, sewage sludge and different types of faeces [4] . So far, the criteria used to classify new species based on 16S rDNA sequencing and DNA-DNA hybridization (DDH), are limited due to the low cutoff between species and genus [5] . Recently we proposed a new polyphasic approach associating phenotypic characterization, matrix-assisted desorption ionization-time of flight mass spectrometry (MALDI-TOF MS), and genotypic characteristics to better define and classify new species [6] . In addition, characterizing new species by sequencing the whole genome allows a better distinction between the closest related species, comparing the whole genome and all of its coded function [7, 8] and genomic data to become available for new bacterial species.
In this culturomics study, we isolated the strain mt9 T (= CSUR P1511 = DSM 102954), which is the first representative of a new bacterial genus within the family Clostridiaceae. Here we present a summary classification and a set of features for Anaeromassilibacillus senegalensis gen. nov., sp. nov., as well as the description of its complete genomic sequence and annotation.
Materials and Methods

Sample collection
The stool specimens were collected from a 1-year-old Senegalese patient with kwashiorkor after defecation in sterile plastic containers. The stool specimen was then formed into aliquots and stored at −80°C until use. The parents of the patient provided informed consent. The study and the assent procedure were approved by the National Ethics Committee of Senegal and the local ethics committee of the IFR48 (Marseille, France) under numbers 11-017 and 09-022, respectively.
Isolation and identification of strain
The stool sample was cultivated in anaerobic conditions and preincubated in a blood culture bottle (Becton Dickinson, Le Pont-de-Claix, France) at 37°C for 15 days after a thermic shock at 80°C for 20 minutes. Then 1 mL of the enriched culture was spread on a 5% sheep's blood-enriched Columbia agar (bioMérieux, Marcy l'Etoile, France) and incubated at 37°C for 72 hours. The obtained colonies were purified and identified using MALDI-TOF MS as previously described [9, 10] . This proteomic analysis was conducted using a Microflex spectrometer (Bruker Daltonics, Leipzig, Germany) with a MTP 96 MALDI-TOF target plate (Bruker). The obtained spectra were imported into MALDI BioTyper 2.0 software (Bruker) and analysed by standard pattern matching (with default parameter settings) against the 7567 references contained in our database (Bruker database incremented with our data). When the identification score was 1.9, the species level was determined; a score between 1.9 and 1.7 allowed identification only at the genus level; and a score <1.7 gave no identification. In this last case, the 16S rRNA gene was sequenced as previously described [11] in order to get a molecular identification. Stackebrandt and Ebers [12] determined a 98.7 and 95% similarity level threshold to define a new species and a new genus respectively without performing DDH.
Growth conditions
Growth of the strain mt9 T was tested under anaerobic and microaerophilic conditions generated using GENbag anaer and GENbag microaer systems (bioMérieux) respectively, and in aerobic conditions with or without 5% CO 2 . Different growth temperatures including 25, 30, 37 and 45°C were tested. Optimal salt concentration was determined by growing the strain at 0, 0.5, 1 and 1.5% NaCl. Different pH conditions were tested: 6, 6.5, 7, 7.5, 8 and 8.5.
Biochemical characterization and antibiotic susceptibility test
The biochemical characteristics of the strain mt9 T were studied using API ZYM, API 20 NE and API 50 CH strips (bioMérieux) according to the manufacturer's instructions. The sensitivity to antibiotics was tested using amoxicillin, amoxicillin-clavulanic acid, clindamycin, metronidazole, vancomycin, doxycycline, imipenem, rifampicin and trimethoprim/sulfamethoxazole using antibiotic discs (i2a, Montpellier, France) [13] .
Morphologic and microscopic observations
The surface colonies of the strain mt9 T was observed after 72-hour incubation under anaerobic conditions at 37°C. In order to observe cell morphology, cells were fixed with 2.5% glutaraldehyde in 0. Fatty acid methyl ester (FAME) analysis by gas chromatography/mass spectrometry (GC/MS) Cellular FAME analysis was performed by GC/MS. Two samples were prepared with approximately 15 mg of bacterial biomass per tube collected from several culture plates. FAME were prepared as described by Sasser [14] . GC/MS analyses were carried out as described before [15] . Briefly, FAME were separated using an Elite , and the final concentration library was measured at 9.39 nmol/L. The libraries were normalized at 2 nM and pooled. After a denaturation step and dilution at 15 pM, the pool of libraries was loaded onto the reagent cartridge and then onto the instrument along with the flow cell. Automated cluster generation and sequencing run were performed in a single 39-hour run in a 2 × 251 bp read length. Total information of 6.1 Gb was obtained from a 653K/mm 2 cluster density with a cluster passing quality control filters of 96.1% (12 031 000 passing filter paired reads). Within this run, the index representation for strain mt9 T was determined to 9.21%. The 1 108 387 paired reads were trimmed and then assembled.
Genome annotation and comparison
Open reading frames (ORFs) were predicted using Prodigal [16] with default parameters, but the predicted ORFs were excluded if they were spanning a sequencing gap region. The predicted bacterial protein sequences were searched against the GenBank database and the Clusters of Orthologous Groups (COGs) database using BLASTP. The tRNAScanSE tool [17] was used to find tRNA genes, whereas ribosomal RNAs were found by using RNAmmer [18] and BLASTn against the GenBank database. Lipoprotein signal peptides and the number of transmembrane helices were predicted using SignalP and TMHMM respectively. ORFans were identified if their BLASTP E value was lower than 1e -03 for alignment length greater than 80 amino acids. If alignment lengths were smaller than 80 amino acids, we used an E value of 1e -05 .
We compared the genome of strain mt9 T to those of other members of the order Clostridiales. Their genomes were automatically retrieved from the 16S rRNA tree using Xegen software (PhyloPattern) [19] . For each selected genome, the complete genome sequence, proteome genome sequence and ORFeome genome sequence were retrieved from the FTP of National Center for Biotechnology Information. All proteomes were analysed with proteinOrtho [20] . Then for each couple of genomes a similarity score was computed. This score is the mean value of nucleotide similarity between all couples of orthologues between the two genomes studied (average genomic identity of orthologous gene sequences; AGIOS) [21] . An annotation of the entire proteome was performed to define the distribution of functional classes of predicted genes according to the clusters of orthologous groups of proteins (using the same method as for the genome annotation). To evaluate the genomic similarity between Anaeromassilibacillus genus and closely related genera, we determined two parameters: digital DNA-DNA hybridization (dDDH), which exhibits a high correlation with DDH [22, 23] , and AGIOS, which was designed to be independent from DDH. Annotation and comparison processes were performed in the Multi-Agent software system DAGOBAH [24] that included Figenix [25] libraries to provide pipeline analysis.
Results
Strain identification and phylogenetic analyses Strain mt9 T (Table 1) was isolated in January 2015 by anaerobic cultivation at 37°C on 5% sheep's blood-enriched Columbia agar after a thermic shock and 15-day preincubation on blood culture bottle. MALDI-TOF MS results showed that the score obtained was under 1.7 for the strain mt9 T , thus suggesting that our isolate was not a member of a known species listed in our database. 16S rRNA gene sequencing and comparison demonstrate that the strain mt9
T (LN866991) exhibited 93.4% nucleotide sequence similarity with Clostridium leptum (NR114789) (Fig. 1 ). This value was lower than the 95% 16S rRNA gene sequence threshold recommended by Stackebrandt and Ebers [12] to delineate a new genus without carrying out DDH. We incremented our database with the spectrum from strain mt9 T (Fig. 2 ). Spectrum differences with other species are shown in Fig. 3 .
Phenotypic characterization
Colonies of the strain mt9 T were 1 to 2 mm in diameter on Columbia agar, and opaque white in colour. Cells were Gram negative, rod shaped (Fig. 4) , motile and spore-forming, 2.40 μm in length and 0.9 μm in diameter (Fig. 5) . Strain mt9 T grows in a range from 25 to 37°C, with an optimum at 37°C. NaCl is not required for growth, but strain mt9 T was only able to grow between 0 and 0.5% NaCl. The optimum pH for growth was 7 (pH range, 6-8.5). Table 2 ). The major fatty acids were hexadecanoic acid (32%), tetradecanoic acid (27%) and 9-octadecenoic acid (26%). Minor amounts of unsaturated, branched and other saturated fatty acids were also detected (Table 3) .
Genome properties
The 3 511 289 bp long genome contains 52.94% of G+C content ( Fig. 6 and Table 4 ) and is composed of 12 scaffolds (composed of 15 contigs). Of the 3095 predicted genes, 3046 were protein-coding genes and 49 were RNAs (two genes are 5S rRNA, one gene is 16S rRNA, one gene is 23S rRNA and 45 genes are tRNA genes). A total of 1773 genes (58.21%) were assigned as putative function (by COGs or by NR BLAST). Four hundred genes were identified as ORFans (13.13%). The remaining genes were annotated as hypothetical proteins (749 genes, 24.59%). Table 5 summarizes the distribution of genes into COGs functional categories. The genome sequence is deposited in European Molecular Biology Laboratory-European Bioinformatics Institute (EMBL-EBI) under accession number CWIP00000000.
Genome comparison
The genomic characteristics of strain mt9 T were compared to closely related species ( (Table 7) . dDDH was estimated between strain mt9 T 's genome and the other compared genomes, and results ranged from 19.6% with F. plautii to 30.4% with C. clariflavum (Table 8) . These values are in the range of the dDDH values of compared species except our strain (18.8-32.2%) and under the 70% threshold used to delineate a new species [22] , thus confirming the status of the strain mt9 T as a previously unknown member of the Clostridiaceae family.
The distribution of genes into COGs categories was similar, but not identical, in all compared genomes (Fig. 7) . For instance, O. valericigenes presented more genes dedicated to the DNA replication, recombination and repair. 
Conclusion
The new polyphasic approach based on phenotypic, phylogenetic and genomic analyses (taxonogenomics) represented here support the affiliation of the strain mt9 T to a new bacterial genus. Consequently, we formally propose the creation of the genus Anaeromassilibacillus gen. nov., and Anaeromassilibacillus Enzymatic activities were observed for gelatin hydrolysis and β-galactosidase. Urease reaction, nitrate reduction and indole production were negative. Antibiotic susceptibility test showed that A. senegalensis strain mt9 T is susceptible to vancomycin, doxycycline, ceftriaxone, imipenem, amoxicillin-clavulanic acid, penicillin, and rifampicin, and resistant to trimethoprim/sulfamethoxazole, ciprofloxacin, oxacillin, cefoxitin, colistin and fosfomycin. The major fatty acid is hexadecanoic acid (32%). The 3 511 289 bp long genome exhibits a G+C content of 52.94%. The 16S rRNA and genome sequences are deposited in EMBL-EBI under accession numbers LN866991 and CWIP00000000, respectively. The type strain mt9 T (= CSUR P1511 = DSM 102954) was isolated from the gut microbiota of a 1-year-old Senegalese patient with kwashiorkor. Habitat is human gut. Comparison made using GGDC, formula 2 (DDH estimates based on identities/HSP length). Confidence intervals indicate inherent uncertainty in estimating DDH values from intergenomic distances based on models derived from empirical test data sets (which are always limited in size). These results are in accordance with 16S rRNA and phylogenomic analyses as well as GGDC results.
